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orifice and a check ball are used to delay discharge of o1l paths
which communicate with a linear solenoid valve relative to
discharge of an o1l path al which communicates with a linear
solenoid valve. Specifically, release of the brake 1s delayed
relative to release of the clutch, so that a shift by way of a
forward first speed through engagement of a one-way clutch

can be prevented.
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HYDRAULIC CONTROL APPARATUS FOR
AUTOMATIC TRANSMISSION

INCORPORATION BY REFERENC.

(L]

The disclosure of Japanese Patent Application No. 2007 -
311253 filed on Nov. 30, 2008 including the specification,

drawings and abstract 1s incorporated herein by reference 1n
its entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to hydraulic control appara-
tuses for automatic transmissions mounted in, for example,
vehicles and, 1n particular, to a hydraulic control apparatus for
an automatic transmission having a low speed achieved by
engagement of a one-way clutch, forming a neutral condition
by discharging a hydraulic pressure when a shift lever opera-
tion 1s performed to change from a forward range of a lower
medium speed condition to another shift range.

2. Description of the Related Art

A multi-stage automatic transmission mounted in, for
example, vehicles generally forms a shift speed by control-
ling a rotating condition of each of rotating elements 1n a
speed change gear mechanism that combines together the
rotating elements including, for example, a planetary gear.
The multi-stage automatic transmission controls the rotating
condition of the rotating elements through selective hydraulic
engagement of a plurality of clutches or brakes, thereby
enabling control of multiple shift speeds.

Among such automatic transmissions, some achieve a for-
ward first speed by engaging an mnput clutch (C-1) with a
one-way clutch (F-1), in addition to engagement of the
clutches and brakes (see, for example, Japanese Patent Pub-
lication Application No. JP-A-2007-177934 which 1s herein-
alter referred to as Patent Document 1). The one-way clutch
performs a smooth automatic engagement to lessen an
engagement shock particularly when the forward first speed
during a change from a neutral range to a forward range 1s
achieved.

A hydraulic control apparatus used 1n the automatic trans-
mission includes a solenoid valve regulating and controlling
an engagement pressure supplied to a hydraulic servo of the
clutches and brakes and a manual shift valve allowing a spool
position to be changed based on the shift lever operation.
Specifically, the manual shift valve allows supply and dis-
charge of a source pressure (a forward range pressure or a
reverse range pressure) of the engagement pressure supplied
to the hydraulic servo of the clutches and brakes to be collec-
tively controlled. This reliably forms the neutral condition
even if, for example, the solenoid valve fails, thus enhancing
reliability and safety as the automatic transmission.

There 1s, however, the following problem. Specifically, a
clutch C-1 and a brake B-1 are engaged as 1n, for example, the
forward second speed of Patent Document 1 when an input
shaft of the speed change gear mechanism 1s 1n a condition of
being an 1dle speed or less as when, for example, the vehicle
1s stationary or 1s about to stop. In addition, the manual shiit
valve 1s changed from a forward range position to a neutral
range position through the shift lever operation, forming a
neutral condition by discharging a hydraulic pressure. It the
engagement pressure of the brake B-1 1s discharged before
the engagement pressure of the clutch C-1 under the forego-
ing condition, the input shatt of the speed change gear mecha-
nism 1s driven at a higher speed through the 1dle speed of the
engine via, for example, a torque converter. As a result, the
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one-way clutch 1s automatically engaged to form, together
with the clutch C-1, a forward first speed. Specifically, the

forward second speed 1s changed to the neutral condition via
the forward first speed, so that the neutral condition 1s estab-
lished after a driving force is transmitted to a drive wheel with
amplified torque of a gear ratio being instantaneously the
torward first speed. This produces a shiit shock not expected

by a driver, posing a problem of the driver’s not having a good
shift feeling.

SUMMARY OF THE INVENTION

In the view of the above, the present invention provides a
hydraulic control apparatus for an automatic transmission
capable of preventing shock by engagement of a one-way
clutch from occurring when a forward range 1s changed to
another shift range based on a shift lever operation 1n a lower
medium speed condition.

According to a first aspect of the present invention, the
hydraulic control apparatus for the automatic transmission
that achieves a lower medium speed by engaging a first fric-
tion engagement element and a second friction engagement
clement and a low speed lower than the lower medium speed
by engaging the first friction engagement element and a one-
way clutch, the apparatus includes:

a range pressure generating unit outputting a forward range
pressure upon a forward range based on a shiit lever operation
and discharging the forward range pressure upon another shift
range;

a first pressure regulating unit outputting the forward range
pressure through pressure regulation to a hydraulic servo of
the first friction engagement element;

a second pressure regulating unit outputting the forward
range pressure through pressure regulation to a hydraulic
servo of the second friction engagement element;

a first o1l path providing communication of the forward
range pressure ol the range pressure generating unit with the
first pressure regulating unit;

a second o1l path providing communication of the forward
range pressure ol the range pressure generating unit with the
second pressure regulating unit; and

a delay mechanism delaying discharge of the second o1l
path than discharge of the first o1l path when the another shift
range 1s changed from the forward range based on the shiit
lever operation and the range pressure generating unit dis-
charges the forward range pressure.

Accordingly, the delay mechanism delays the discharge of
the forward range pressure in the second o1l path that provides
communication of a hydraulic pressure of the hydraulic servo
of the second Iriction engagement element via the second
pressure regulating unit relative to the discharge of the for-
ward range pressure in the first o1l path that provides commu-
nication of the hydraulic pressure of the hydraulic servo of the
first friction engagement element via the first pressure regu-
lating unit. This allows a release of the second iriction
engagement element to be delayed relative to the release of
the first friction engagement element when the range pressure
generating unit changes from the forward range to the another
shift range based on the shift lever operation particularly 1n
the lower medium speed. This eliminates engagement of the
one-way clutch occurring due to the first friction engagement
clement left engaged when, for example, the second friction
engagement clement 1s released before the first friction
engagement element. A shift can therefore be made from the
lower medium speed without going through the low speed.,
specifically, from the lower medium speed directly into a
neutral range. A shift shock that otherwise occurs when the
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forward range 1s changed to another shift range can thereby be
prevented, contributing to a better shiit feeling.

According to a second aspect of the present invention, the
delay mechanism 1s disposed on the second o1l path.

Since the delay mechanism 1s disposed on the second o1l
path, the release of the second Iriction engagement element
achieved by discharging the engagement pressure from the
second o1l path can be delayed relative to the release of the
first friction engagement element achieved by discharging the
engagement pressure from the first o1l path.

According to a third aspect of the present invention, the
delay mechanism includes a first orifice and a one-way valve
disposed 1n parallel with the first orifice.

This allows the delay mechanism to be structured to
include the first orifice and the one-way valve. Specifically,
the release of the second friction engagement element can be
delayed relative to the release of the first friction engagement
clement using a simple mechanical structure. A shift can
therefore be made from the lower medium speed directly into
the neutral range upon change of another shift range from the
torward range, thereby preventing a shift shock from occur-
ring and contributing to a better shift feeling.

According to a forth aspect of the present invention, the
first o1l path includes a shared o1l path connected to the range
pressure generating unit and sharing supply and discharge of
the hydraulic pressure with the second o1l path; and a first
non-shared o1l path branched from the shared o1l path and
connected to the first pressure regulating unit;

the second o1l path includes the shared o1l path; and a
second non-shared o1l path branched from the shared o1l path
and connected to the second pressure regulating unit; and

the delay mechanism 1s interposed in the second non-
shared o1l path.

Accordingly, the delay mechanism 1s interposed 1n the
second non-shared o1l path. This allows the discharge of the
hydraulic pressure from the second pressure regulating unit to
be delayed relative to the discharge of the hydraulic pressure
from the first pressure regulating unit. The release of the
second Iriction engagement element can therefore be delayed
relative to the release of the first friction engagement element.

According to a fifth aspect of the present invention, the
hydraulic control apparatus further includes:

a second orifice mterposed 1n the shared o1l path; and

an accumulator disposed on a side closer to the first pres-
sure regulating unit than the second orifice and connected to
the shared o1l path.

Accordingly, the accumulator 1s connected to the shared o1l
path at a point closer to the side of the first pressure regulating,
unit than the second orifice. Upon change of another shift
range from the forward range, therefore, the hydraulic pres-
sure accumulated i1n the accumulator can prevent, for
example, a sudden release shock of the first friction engage-
ment element through a sudden discharge of the forward
range pressure. In addition, the release of the second friction
engagement element can be delayed relative to the release of
the first friction engagement element. While the shock due to
sudden release can be prevented, a shift can therefore be made
from the lower medium speed directly into the neutral range
upon change of another shift range from the forward range. A
shift shock can thereby be prevented from occurring, which
contributes to a better shift feeling.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a skeleton diagram showing an automatic trans-
mission according to an embodiment of the present invention;
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FIG. 2 1s an engagement table of an automatic speed
change mechanism according to the embodiment of the
present invention;

FIG. 3 1s a speed diagram of the automatic speed change
mechanism according to the embodiment of the present
invention;

FIG. 4 1s a circuit diagram showing a hydraulic control
apparatus of the automatic transmission according to the
embodiment of the present invention; and

FIG. 5 15 an explanatory view showing a principal part of
the hydraulic control apparatus of the automatic transmission
according to the embodiment of the present invention.

PREFERRED

DETAILED DESCRIPTION OF THE
EMBODIMENTS

An embodiment of the present invention will be described
below with reference to FIGS. 1 through 5.
|General Arrangements of the Automatic Transmission]

General arrangements of an automatic transmission 3 to
which the present mvention 1s applicable will be described
with reference to FIG. 1. As shown 1n FIG. 1, the automatic
transmission 3 suitable for use 1n a vehicle of, for example, an
FF type (front engine, front drive) has an iput shait 8 of the
automatic transmission to be connected to an engine (not
shown), and includes a torque converter 4 and an automatic
speed change mechanism 5 disposed about an axis of the
input shaft 8.

The torque converter 4 includes a pump impeller 4a con-
nected to the input shaft 8 of the automatic transmission 3 and
a turbine runner 45 to which rotation of the pump 1mpeller 4a
1s transmitted via a hydraulic fluid. The turbine runner 45 1s
connected to an mput shatt 10 of the automatic speed change
mechanism 5 disposed coaxially with the input shait 8. The
torque converter 4 has a lock-up clutch 7. When the lock-up
clutch 7 1s engaged, rotation of the mput shait 8 of the auto-
matic transmission 3 1s directly transmitted to the input shaft
10 of the automatic speed change mechanism 5.

The mput shaft 10 of the automatic speed change mecha-
nism 5 1s mounted with a planetary gear SP and a planetary
gear unit PU. The planetary gear SP 1s what 1s called a single
pinion planetary gear including a sun gear S1, a carrier CR1,
and a ring gear R1. The carrier CR1 has a pinion P1 that
meshes with the sun gear S1 and the nng gear R1.

The planetary gear unit PU 1s what 1s called a Ravigneaux
type planetary gear including, as four rotating elements, a sun
gear S2, a sun gear S3, a carrier CR2, and aring gear R2. The
carrier CR2 has a long pinion PL that meshes with the sun
gear S2 and the ring gear R2 and a short pinion PS that meshes
with the sun gear S3, the long pinion PL and the short pinion
PS being 1n mesh with each other.

The sun gear S1 of the planetary gear SP 1s connected to a
boss portion (not shown) mtegrally fixed to a transmission
case (not shown) and 1s fixed. In addition, the rotation of the
ring gear R1 1s the same as that of the input shait 10 (herein-
alter referred to as “input rotation™). Further, the carrier CR1
provides a reduced speed rotation that 1s the input rotation
with areduced speed by the fixed sun gear S1 and the ring gear
R1 providing the input rotation. The carrier CR1 1s connected
to a clutch C-1 and a clutch C-3.

The sun gear S2 of the planetary gear umt PU 1s fixable
relative to the transmission case by being connected to a brake
B-1 formed from a band brake. Further, the sun gear S2 is
connected to the clutch C-3 such that the reduced speed
rotation of the carrier CR1 can be mput thereto through the
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clutch C-3. In addition, the sun gear S3 1s connected to the
clutch C-1 and the reduced speed rotation of the carrier CR1
can be mput thereto.

Additionally, the carrier CR2 1s connected to a clutch C-2
to which the rotation of the input shaft 10 is input, so that the
input rotation can be input thereto via the clutch C-2. The
carrier CR2 1s also connected to a one-way clutch F-1 and a
brake B-2. Rotation of the carrier CR2 1n one direction rela-
tive to the transmission case 1s restricted by the one-way
clutch F-1. The rotation of the carrier CR2 1s also fixable via
the brake B-2. The ring gear R2 1s connected to a counter gear
11 which, 1n turn, 1s connected to a drive wheel via a counter
shaft and a differential gear (not shown).
|Operation of Each Shiit Speed 1n the Automatic Transmis-
s10N]|

Based on the foregoing arrangements, operations of the
automatic speed change mechanism 5 will be described with
reference to FIGS. 1, 2, and 3. Note that, in a speed diagram
shown 1n FIG. 3, an ordinate direction represents the speed of
cach rotating element (each gear) and an abscissa direction
corresponds to the gear ratio of each rotating element. Fur-
ther, as for the planetary gear SP of the speed diagram, the
ordinate corresponds to the sun gear S1, the carrier CR1, and
the ring gear R1 1n that order from the leftward end 1n FI1G. 3.
As for the planetary gear unit PU of the speed diagram, the
ordinate corresponds to the sun gear S3, the ring gear R2, the
carrier CR2, and the sun gear S2 in that order from the
rightward end 1n FIG. 3.

For example, in a forward first speed (1ST) 1n a D (drive)
range, the clutch C-1 and the one-way clutch F-1 are engaged
as shown 1n FIG. 2. Then, referring to FIGS. 1 and 3, the
rotation of the carrier CR1 rotated at a reduced speed by the
fixed sun gear S1 and the input rotation of the ring gear R1 1s
input to the sun gear S3 through the clutch C-1. In addition,
the rotation of the carrier CR2 1s restricted to that in one
direction only (a forward rotating direction); specifically, the
carrier CR2 1s fixed by being prevented from rotating 1n a
backward direction. The reduced speed rotation 1nput to the
sun gear S3 1s then output to the ring gear R2 via the fixed
carrier CR2, so that the counter gear 11 outputs a forward
rotation as the forward first speed.

Note that, during engine braking (coasting), the brake B-2
1s locked to fix the carrier CR2 so as to prevent the carrier CR2
from rotating forward, thereby maintaining a condition of the
forward first speed. Further, in the forward first speed, the
one-way clutch F-1 prevents the carrier CR2 from rotating
backward, while permitting forward rotation. The forward
first speed can therefore be achieved even more smoothly
through an automatic engagement of the one-way clutch F-1
when, for example, a non-running range 1s changed to a
running range.

In a forward second speed (2ND), referring to FIG. 2, the
clutch C-1 1s engaged and the brake B-1 1s locked. Then,
referring to FIGS. 1 and 3, the rotation of the carrier CR1
rotated at a reduced speed by the fixed sun gear S1 and the
input rotation of the ring gear R1 1s iput to the sun gear S3
through the clutch C-1. The rotation of the sun gear S2 1s fixed
by the locking of the brake B-1. Then, the carrier CR2 rotates
at a reduced speed lower than the sun gear S3, so that the
reduced speed rotation input to the sun gear S3 1s outputto the
ring gear R2 via the carrier CR2 and the counter gear 11
outputs a forward rotation as the forward second speed.

In a forward third speed (3RD), referring to FIG. 2, the
clutch C-1 and the clutch C-3 are engaged. Then, referring to
FIGS. 1 and 3, the rotation of the carrier CR1 rotated at a
reduced speed by the fixed sun gear S1 and the input rotation
of the ring gear R1 1s input to the sun gear S3 through the
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clutch C-1. Further, the engagement of the clutch C-3 causes
the reduced speed rotation of the carrier CR1 to be input to the
sun gear S2. Specifically, the reduced speed rotation of the
carrier CR1 1s input to the sun gear S2 and the sun gear S3. A
a result, the planetary gear unit PU 1s set into a condition of
direct coupling of the reduced speed rotation, so that the
reduced speed rotation 1s directly output to the ring gear R2
and the counter gear 11 outputs a forward rotation as the
torward third speed.

In a forward fourth speed (4TH), referring to FIG. 2, the
clutch C-1 and the clutch C-2 are engaged. Then, referring to
FIGS. 1 and 3, the rotation of the carrier CR1 rotated at a
reduced speed by the fixed sun gear S1 and the mput rotation
of the ring gear R1 1s input to the sun gear S3 through the
clutch C-1. Further, the engagement of the clutch C-2 causes
the input rotation to be mput to the carner CR2. Then, the
reduced speed rotation input to the sun gear S3 and the input
rotation mput to the carrier CR2 causes a reduced speed
rotation higher than the forward third speed to be output to the
ring gear R2, so that the counter gear 11 outputs a forward
rotation as the forward fourth speed.

In a forward fifth speed (5TH), referring to FIG. 2, the
clutch C-2 and the clutch C-3 are engaged. Then, referring to
FIGS. 1 and 3, the rotation of the carrier CR1 rotated at a
reduced speed by the fixed sun gear S1 and the input rotation
of the ring gear R1 1s input to the sun gear S2 through the
clutch C-3. Further, the engagement of the clutch C-2 causes
the input rotation to be mput to the carner CR2. Then, the
reduced speed rotation 1nput to the sun gear S2 and the input
rotation iput to the carrier CR2 causes an accelerated speed
rotation slightly higher than the input rotation to be output to
the ring gear R2, so that the counter gear 11 outputs a forward
rotation as the forward fifth speed.

In a forward sixth speed (6 TH), referring to FIG. 2, the
clutch C-2 1s engaged and the brake B-1 1s locked. Then,
referring to FIGS. 1 and 3, the engagement of the clutch C-2
causes the mput rotation to be input to the carrier CR2. The
rotation of the sun gear S2 1s fixed by the locking of the brake
B-1. Then, the fixed sun gear S2 causes the mput rotation of
the carrier CR2 to be output to the ring gear R2 as an accel-
erated speed rotation higher than the forward fifth speed, so
that the counter gear 11 outputs a forward rotation as the
forward sixth speed.

In a reverse first speed (REV), referring to FIG. 2, the
clutch C-3 1s engaged and the brake B-2 1s locked. Then,
referring to FIGS. 1 and 3, the rotation of the carrier CR1
rotated at a reduced speed by the fixed sun gear S1 and the
input rotation of the ring gear R1 1s mput to the sun gear S2
through the clutch C-3. The rotation of the carrier CR2 1s fixed
by the locking of the brake B-2. Then, the reduced speed
rotation input to the sun gear S2 1s output to the ring gear R2
via the fixed carrier CR2 and the counter gear 11 outputs a
reverse rotation as the reverse first speed.

It 1s to be noted that, in a P (parking) range and an N
(neutral) range for example, the clutches C-1, C-2, and C-3
are released. This disconnects the carrier CR1 from the sun
gear S2 and the sun gear S3; specifically, the planetary gear
SP 1s disconnected from the planetary gear unit PU and the
input shatt 10 1s disconnected from the carrier CR2. As a
result, power transmission between the mput shatt 10 and the
planetary gear umit PU 1s disconnected; specifically, the
power transmission between the mput shaft 10 and the
counter gear 11 1s disconnected.
|General Arrangements of the Hydraulic Control Apparatus]

A hydraulic control apparatus 1 of the automatic transmis-
s1on 3 according to the embodiment of the present ivention
will be described below. Sections of generating pressures
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such as a line pressure, a secondary pressure, and a modulator
pressure which are not shown in drawings showing the
hydraulic control apparatus 1 will be first broadly described.
Note that the sections of generating the line pressure, the
secondary pressure, and the modulator pressure are the same
as those found 1n common hydraulic control apparatuses for
automatic transmissions and well known, and will therefore
be only briefly described.

The hydraulic control apparatus 1 includes, for example,
an o1l pump, a primary regulator valve, a secondary regulator
valve, a solenoid modulator valve, and a linear solenoid valve
ST which are not shown. When, for example, the engine 1s
started, the o1l pump rotatably drivably connected to the pump
impeller 4a of the torque converter 4 1s driven by being
operatively connected to rotation of the engine. This gener-
ates a hydraulic pressure as o1l 1s pumped up from an o1l pan
(not shown) via a strainer (not shown).

The hydraulic pressure generated by the o1l pump 1s regu-
lated to a line pressure P,, while being adjusted to be dis-
charged by the primary regulator valve based on a signal
pressure P, - of the linear solenoid valve ST regulated and
output according to a throttle opening. The line pressure P; 1s
supplied, for example, to the solenoid modulator valve, a
manual shift valve (a range pressure generating unit) 81 (see
FIG. 5) to be described in detail later, and a linear solenoid
valve SLC3 to be described 1n detail later. Of these, the line
pressure P, supplied to the solenoid modulator valve 1s regu-
lated to a modulator pressure P, ., that becomes a substan-
tially predetermined pressure, by the valve. The modulator
pressure P, ., 15 supplied as a source pressure for, for
example, the linear solenoid valve SL'T, and solenoid valves
S1, S2 to be described 1n detail later.

The pressure discharged from the primary regulator valve
1s regulated to a secondary pressure P, while being further
adjusted to be discharged by, for example, the secondary
regulator valve. The secondary pressure P 1s supplied to,
for example, a lubricating o1l path or an o1l cooler. The sec-
ondary pressure P~ 1s also supplied to the torque converter
4 and used for controlling the lock-up clutch 7.

Referring to FIG. 5, the manual shift valve 81 1s structured
to include an input port 81a, a forward range pressure output
port 815, a forward range pressure drain port 81c, a reverse
range pressure output port 814, and a drain port EX, 1n addi-
tion to a spool 81p driven mechanically (or electrically) by a
shift lever disposed at a driver’s seat (not shown). An output
state or a non-output state (drain) of the line pressure P, input
to the input port 81a 1s set when the position of the spool 81p
selected according to the shift range (for example, P, R, N, or
D) 1s changed by the shiit lever.

More specifically, when the D range 1s selected through the
operation of the shuft lever, the input port 81a to which the line
pressure P; 1s input based on the position of the spool 81p and
the forward range pressure output port 815 are brought into
communication with each other, so that the line pressure P, 1s
output from the forward range pressure output port 815 as a
forward range pressure (D range pressure) P,,. When the R
(reverse) range 1s selected through the operation of the shift
lever, the input port 81a and the reverse range pressure output
port 814 are brought into communication with each other
based onthe position of the spool 81p, so that the line pressure
P, 1s output from the reverse range pressure output port 81d as
a reverse range pressure (R range pressure) Py ;- In addition,
the forward range pressure drain port 81¢ and the drain port
EX are brought into communication with each other, so that
the D range pressure P, 1s drained. When the P range or the N
range 1s selected through the operation of the shift lever, the
input port 81a 1s shut off from the forward range pressure
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output port 815 and the reverse range pressure output port 814
by the spool 81p, while the forward range pressure drain port
81c and the reverse range pressure output port 81d are
brought into commumnication with the drain port EX; specifi-
cally, the D range pressure P, and the R range pressure Py .4
are drained (discharged) to be 1n the non-output state.
[Detailed Arrangements of the Shift Control Section of the
Hydraulic Control Apparatus]

A section mainly performing the shift control in the
hydraulic control apparatus 1 according to the embodiment of
the present invention will be described below with reference
to FIG. 4. Note that, to describe the spool position in the

embodiment of the present invention, the position of the
right-hand half of FI1G. 4 will be referred to as the “right-hand-

half position™ and that of the left-hand half of FIG. 4 will be
referred to as the “left-hand-half position™.

The hydraulic control apparatus 1 includes four linear sole-
noid valves SLC1, SLC2, SLC3, and SLB1 for supplying an
output pressure regulated as an engagement pressure directly
to each of a total of five hydraulic servos. The five hydraulic
servos are a hydraulic servo 41 of the clutch C-1, a hydraulic
servo 42 of the clutch C-2, a hydraulic servo 43 of the clutch
C-3, a hydraulic servo 44 of the brake B-1, and a hydraulic
servo 45 of the brake B-2. The hydraulic control apparatus 1
turther includes, for example, a solenoid valve S1, a solenoid
valve S2, a first clutch apply relay valve 21, a second clutch
apply relay valve 22, a C-2 relay valve 23, and a B-2 relay
valve 24 as a portion for achieving a limp-home function and
selecting the hydraulic servo 42 of the clutch C-2 or the
hydraulic servo 45 of the brake B-2 for the output pressure of
the linear solenoid valve SLC2.

The forward range pressure output port 815 (and the for-
ward range pressure drain port 81¢) of the manual shift valve
81 (see FIG. 5) are connected to an o1l path al, an o1l path a4,
and an o1l path a5 shown 1n FIG. 4 so that the forward range
pressure P, can be input thereto. The reverse range pressure
output port 814 of the manual shitt valve 81 1s connected to an
o1l path 1 so that the reverse range pressure P, ;-1 to be input
thereto. Further, the line pressure P, from the primary regu-
lator valve (not shown) 1s 1nput to an o1l path d and the
modulator pressure P,,,- from the modulator valve (not
shown) 1s input to an o1l path g1.

Of these, the o1l path al 1s connected to an input port 21e of
the first clutch apply relay valve 21 to be described 1n detail
later via an o1l path a2. Further, a check valve 50 and an orifice
(a second orifice) 60 are disposed on the o1l path al. In
addition, the o1l path al 1s connected to an accumulator 30 via
an o1l path a3 and to the linear solenoid valve (a first pressure
regulating portion) SLC1. The accumulator 30 is structured to
include a case 30c, a piston 305, a spring 30s, and an o1l
chamber 30a. Specifically, the piston 305 1s disposed 1nside
the case 30c. The spring 30s urges the piston 305. The o1l
chamber 30a 1s formed between the case 30¢ and the piston
305.

Referring further to FIG. 5, the o1l path al 1s connected to
the manual shift valve 81 via o1l paths al0, all. The o1l path
a5 1s connected to the manual shiit valve 81 via the o1l paths
al0, all and a discharge delay zone 90 to be described 1n
detail later. An orifice (delay mechamsm, a first orifice) 71
and a check ball (delay mechanism, a one-way valve) 72 are
disposed on the discharge delay zone 90.

Referring to FI1G. 4, on the other hand, the linear solenoid
valve SLC1 1s anormally closed type that 1s 1n the non-output
state when deenergized. The linear solenoid valve SLC1 has
an mput port SLC1a and an output port SLC15b. The input port
SLCla inputs the forward range pressure P, via the o1l path
al and the output port SLC15 outputs a control pressure P, -,
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to the hydraulic servo 41 as an engagement pressure P, by
regulating the forward range pressure P,. Specifically, the
linear solenoid valve SLCI1 1s structured to be in the non-
output state by shutting oif the mput port SLCla and the
output port SLC1b when deenergized and, when energized 5
based on a command value from a control unit (ECU) (not
shown), to increase an amount of communication (opening
amount) between the mput port SLC1la and the output port
SLC1b according to the command value, specifically, to out-
put the engagement pressure P, 1n accordance with the com- 10
mand value. Additionally, the output port SLC15 of the linear
solenoid valve SLC1 1s connected to an input port 22¢ of the
second clutch apply relay valve 22 to be described later via an
o1l path bl.

The linear solenoid valve SLC2 1s a normally open type 15
that 1s 1n the output state when deenergized. The linear sole-
noid valve SLC2 has an mput port SLC2a and an output port
SLC2b. The input port SLC2a mputs the forward range pres-
sure P, via, for example, the o1l path a4 and the output port
SL.C2b outputs a control pressure P, ~, to the hydraulic servo 20
42 as an engagement pressure P ., (or an engagement pressure
P..) by regulating the forward range pressure P,. Specifi-
cally, the linear solenoid valve SLC2 1s structured to be in the
output state in which the input port SLC2a and the output port
SLC2b are in communication with each other when deener- 25
gized and, when energized based on a command value from
the control unit (ECU) (not shown), to decrease the amount of
communication (specifically, throttle down the opening
amount) between the mput port SLC2a and the output port
SL.C2b according to the command value, specifically, to out- 30
put the engagement pressure P, (or P, ) 1n accordance with
the command value. Additionally, the output port SLC2b of
the linear solenoid valve SL.C2 1s connected to an mnput port 2/
of the second clutch apply relay valve 22 to be described later
via an o1l path cl1. 35

The linear solenoid valve SLC3 1s a normally open type
that 1s 1n the output state when deenergized. The linear sole-
noid valve SLC2 has an mput port SLC3a and an output port
SL.C3b. The input port SLC3a 1nputs the line pressure P, via,
for example, the o1l path d and the output port SLC35 outputs 40
a control pressure P,y to the hydraulic servo 43 as an
engagement pressure P, by regulating the line pressure P, .
Specifically, the linear solenoid valve SLLC3 1s structured to be
in the output state 1n which the mput port SLC3a and the
output port SLC3b are in communication with each other 45
when deenergized and, when energized based on a command
value from the control unit (ECU) (not shown), to decrease
the amount of communication (specifically, reduce the open-
ing amount) between the input port SLC3a and the output port
SL.C3b according to the command value, specifically, to out- 50
put the engagement pressure P, 1n accordance with the com-
mand value. Additionally, the output port SLC35 of the linear
solenoid valve SLC3 1s connected to the hydraulic servo 43 of
the clutch C-3 via an o1l path e€l. A check valve 53 and an
orifice 63 are disposed on the oil path el. Further, an o1l 55
chamber 334 of a C-3 damper 33 1s connected to the o1l path
¢l via an o1l path 2. Note that the C-3 damper 33 1s stmilar in
structure to the accumulator 30. The C-3 damper 33 1s a
commonly found damper and a detailed description thereof
will be omitted. 60

The linear solenoid valve (a second pressure regulating
portion) SLB1 1s a normally closed type that i1s in the non-
output state when deenergized. The linear solenoid valve
SLB1 has aninput port SLB1a and an output port SLB15b. The
input port SLB1a inputs the forward range pressure P, via, 65
for example, the o1l path a5 and the output port SLB15b outputs
a control pressure P, 5, to the hydraulic servo 44 as an
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engagement pressure P, by regulating the forward range
pressure P,,. Specifically, the linear solenoid valve SLB1 1s
structured to be in the non-output state by shutting off the
input port SLBla and the output port SLB15 when deener-
gized and, when energized based on a command value from
the control unit (ECU) (not shown), to increase the amount of
communication (opening amount) between the input port
SL.B1a and the output port SLB15b according to the command
value, specifically, to output the engagement pressure P, in
accordance with the command value. Additionally, the output
port SLB15b of the linear solenoid valve SLLB1 1s connected to
the hydraulic servo 44 of the brake B-1 via an o1l path 11. A
check valve 54 and an orifice 64 are disposed on the o1l path
1. Further, an o1l chamber 34a of a B-1 damper 34 1s con-
nected to the o1l path 11 via an o1l path 12.

The solenoid valve S1 1s anormally open type that 1s 1n the

output state when deenergized. The solenoid valve S1 has an
iput port Sla and an output port S1b5. The mput port Sla
inputs the modulator pressure P, ., via the o1l path g1 and an
o1l path g2. The output port S15 outputs the modulator pres-
sure P, ., substantially directly as a signal pressure P, when
deenergized (specifically, when turned OFF). The output port
S15 1s connected to an o1l chamber 21a of the first clutch
apply relay valve 21 via o1l paths hl, h2, to an o1l chamber 22qa
of the second clutch apply relay valve 22 via o1l paths hl, h3,
and to an mput port 24¢ of the B-2 relay valve 24 via an o1l
path hd.
The solenoid valve S2 1s a normally closed type that 1s 1n
the non-output state when deenergized. The solenoid valve S2
has an 1mput port S2q and an output port S2b6. The iput port
S2a nputs the modulator pressure P, ,,, via the o1l path gl
and an o1l path g3. The output port S25 outputs the modulator
pressure P, substantially directly as a signal pressure P,
when energized (specifically, when turned ON). The output
port S2b 1s connected to an o1l chamber 24a of the B-2 relay
valve 24 via an o1l path 1.

The first clutch apply relay valve 21 is structured to include
two spools 21p, 21¢, aspring 21 s urging the spool 21p upward
in FIG. 4, and a spring 217 urging the spools 21p, 219 1n a
direction of spacing apart. The first clutch apply relay valve
21 1s structured to include also the o1l chamber 21a disposed
upward of the spool 21¢ in FIG. 4 and o1l chambers 215, 21c,
21d. The o1l chamber 214 1s disposed downward of the spool
21p m FIG. 4. The o1l chamber 21c¢ 1s disposed between the
spools 21p, 21¢. The o1l chamber 215 1s formed by a differ-
ence 1n diameter of land portions of the spool 21¢ (difference
1in pressure recerving area). The first clutch apply relay valve
21 1s structured to include further the input port 21e, an input
port 211, an input port 21g, an input port 21/, an output port
21i, an output port 217, and a drain port EX.

The first clutch apply relay valve 21 1s structured such that
the mput port 21e and the output port 21; are brought 1nto
communication with each other and the imnput port 21e and the
output port 217 are shut off from each other when the spools
21p, 21q are 1n the left-hand-half position; and that the input
port 21e and the output port 21; are brought into communi-
cation with each other and the output port 21; and the drain
port EX are brought into communication with each other
when the spools 21p, 21¢ are 1n the right-hand-half position.
The first clutch apply relay valve 21 1s further structured such
that the input port 21/ 1s shut off when the spool 21p 1s in the
left-hand-half position and that the input port 21g 1s shut off
when the spool 21¢ 1s 1n the right-hand-half position.

As described above, the 01l chamber 214 1s connected to the
output port S15 of the solenoid valve S1 via the o1l paths hl,
h2 and the o1l chamber 215 1s connected to an output port 22
of the second clutch apply relay valve 22 to be described later
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via an o1l path b4 from the mput port 21/. The forward range
pressure P, 1s input to the input port 21e via the o1l paths al,
a2. The output port 21/ that 1s brought into communication
with the input port 21e when the spool 21p 1s 1n the left-hand-
half position 1s connected to an mnput port 22/ of the second
clutch apply relay valve 22 via an o1l path 7. In addition, the
output port 21; that 1s brought into communication with the
input port 21e when the spool 21p 1s 1n the right-hand-half
position 1s connected to the input port 21 g via o1l paths k1, k2
and to the mput port 21/ via the o1l paths k1, k2, and an o1l
path k3, respectively. Specifically, the output port 21i 1s con-
nected to the o1l chamber 21 ¢ regardless of the position of the
spools 21p, 21¢. Further, the output port 217 1s connected to an
input port 22e of the second clutch apply relay valve 22 to be
described later via the o1l path k1. In addition, an output port
23¢ of the C-2 relay valve 23 1s connected to the o1l chamber
21d via an o1l path ¢5. A check valve 55 and an orifice 635 are
disposed on the o1l path cS.

The second clutch apply relay valve 22 1s structured to
include a spool 22p and a spring 22s urging the spool 22p
upward 1n FIG. 4. The second clutch apply relay valve 22 1s
structured to include also the o1l chamber 22a disposed
upward of the spool 22p 1n FIG. 4 and an o1l chamber 2256
disposed downward of the spool 22p i FIG. 4. The second
clutch apply relay valve 22 is structured to include further the
input port 22¢, an output port 224, the input port 22¢, the input
port 22/, an output port 22¢g, the input port 22/, and the output
port 221.

The second clutch apply relay valve 22 1s structured such
that the input port 22¢ and the output port 224, and the output
port 22i, are brought into communication with each other; the
input port 22/ and the output port 22¢ are brought 1nto com-
munication with each other; and the mput port 22¢ and the
iputport 22/ are shut oif from each other when the spool 22p
1s 1n the left-hand-half position. Further, the second clutch
apply relay valve 22 1s structured such that the input port 22e
and the output port 224 are brought into communication with
cach other; the input port 22/ and the output port 22¢g are
brought into communication with each other; and the input
port 22¢, the output port 22:, and the input port 22/ are shut off
from each other when the spool 22p 1s 1n the right-hand-half
position.

As described above, the 01l chamber 224 1s connected to the
output port S15 of the solenoid valve S1 via the o1l paths hl,
h3 and to the mput port 24¢ of the B-2 relay valve 24 to be
described later via the o1l path h4. The mput port 22c¢ 1s
connected to the output port SLC15 of the linear solenoid
valve SLC1 via the o1l path bl. The output port 224 that 1s
brought into communication with the input port 22¢ when the
spool 22p 1s 1n the left-hand-half position 1s connected to the
hydraulic servo 41 of the clutch C-1 via an o1l path b2. A
check valve 51 and an orifice 61 are disposed on the o1l path
b2. An o1l chamber 31aq of a C-1 damper 31 1s connected to the
o1l path b2 via an o1l path b3. Stmilarly, the output port 22 that
1s brought into communication with the iput port 22¢ when
the spool 22p 1s 1n the left-hand-half position 1s connected to
the input port 21/ of the first clutch apply relay valve 21 via the
o1l path b4 and to the o1l chamber 225 via the o1l path b4 and
an o1l path b5. The mput port 22/, on the other hand, is
connected to the output port SLC2b of the linear solenoid
valve SLC2 via the o1l path c¢1. The mput port 22/ 1s con-
nected to the output port 215 of the first clutch apply relay
valve 21 via the o1l path 1. The output port 22g that 1s brought
into communication with the input port 22/ when the spool
22p 1s 1n the left-hand-half position and with the mput port
22/ when the spool 22p 1s 1n the right-hand-half position 1s
connected to an mput port 235 of the C-2 relay valve 23 to be
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described later via an o1l path ¢2. A check valve 52 and an
orifice 62 are disposed on the o1l path ¢2 and an o1l chamber
32a of a C2-B2 damper 32 1s connected to the o1l path ¢2 via
an o1l path c4.

The C-2 relay valve 23 1s structured to include a spool 23p
and a spring 23s urging the spool 23p upward in FI1G. 4. The
C-2 relay valve 23 1s structured to include also an o1l chamber
23a disposed upward of the spool 23p 1n F1G. 4. The C-2 relay
valve 23 1s structured to include further the input port 235, the
output port 23¢, an output port 234, an output port 23e, and a
drain port EX.

The C-2 relay valve 23 1s structured such that the input port
23H and the output port 23¢, and the output port 23e, are
brought into communication with each other and the output
port 234 and the drain port EX are brought into communica-
tion with each other when the spool 23p 1s 1 the left-hand-
half position. Further, the C-2 relay valve 23 i1s structured
such that the mput port 236 and the output port 234 are
brought into communication with each other and the output
port 23¢ and the output port 23¢, and the drain port EX, are
brought into communication with each other when the spool
23p 1s 1n the right-hand-half position.

The o1l chamber 234 1s connected to an output port 245 of
the B-2 relay valve 24 to be described later via an o1l path hS.
The mput port 235 1s connected to the output port 22¢g of the
second clutch apply relay valve 22 via the o1l path ¢2 and the
output port 23e that 1s brought 1nto communication with the
input port 235 when the spool 23p 1s in the left-hand-half
position 1s connected to the hydraulic servo 42 of the clutch
C-2 via an o1l path ¢3. Similarly, the output port 23¢ that 1s
brought into communication with the mput port 235 when the
spool 23p 1s 1n the left-hand-half position 1s connected to the
o1l chamber 214 of the first clutch apply relay valve 21 via the
o1l path ¢5. The check valve 55 and the orifice 65 are disposed
on the o1l path ¢5. Additionally, the output port 234 that is
brought into communication with the mput port 235 when the
spool 23p 1s 1n the right-hand-half position 1s connected to an
input port 24e of the B-2 relay valve 24 via an o1l path m.

The B-2 relay valve 24 1s structured to include a spool 24p
and a spring 24s urging the spool 24p upward 1n FI1G. 4. The
B-2 relay valve 24 1s structured to include also the o1l chamber
24a disposed upward of the spool 24p in FIG. 4. The B-2 relay
valve 24 1s structured to include further the output port 245,
the input port 24¢, an mput port 244, the input port 24e, an
output port 24/, an output port 24g, and a drain port EX.

The B-2 relay valve 24 1s structured such that the input port
244 and the output port 24/, and the output port 24g, are
brought into communication with each other, the output port
24b and the drain port EX are brought into communication
with each other, and the mput port 24c¢ 1s shut off when the
spool 24p 1s 1n the left-hand-half position. Further, the B-2
relay valve 24 1s structured such that the input port 24¢ and the
output port 245 are brought into communication with each
other, the mput port 24e and the output port 24¢g are brought
into communication with each other, and the input port 244
and the drain port EX are shut off, when the spool 24p 1s in the
right-hand-half position.

The o1l chamber 24a 1s connected to the output port S25 of
the solenoid valve S2 via the o1l path 1. The input port 244 1s
connected to the reverse range pressure output port 814 of the
manual shift valve 81 (see FIG. 5) to which the reverse range
pressure Py ..-1s output via the o1l path 1. The input port 24e
1s connected to the output port 234 of the C-2 relay valve 23
via the o1l path m. The output port 24¢ that 1s brought 1nto
communication with the input port 244 when the spool 24p 1s
in the left-hand-half position and with the input port 24e when
the spool 24p 1s 1n the right-hand-half position 1s connected to
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the hydraulic servo 45 of the brake B-2 via an o1l path n.
Specifically, the hydraulic servo 45 of the brake B-2 1s con-
nected to the reverse range pressure output port 814 of the
manual shift valve 81 or the output port SLC2b of the linear
solenoid valve SLLC2. In addition, as described above, the
input port 24¢ 1s connected to the output port S15 of the
solenoid valve S1 via the o1l path hd, the o1l chamber 22a of
the second clutch apply relay valve 22, and the o1l paths hl,
h3, and the output port 245 that 1s brought 1nto communica-
tion with the mput port 24c¢ when the spool 24p i1s in the
right-hand-half position 1s connected to the o1l chamber 234
of the C-2 relay valve 23 via the o1l path h5. Note that the
output port 24f that 1s brought into communication with the
input port 24d when the spool 24p 1s 1n the left-hand-half
position 1s connected to an o1l chamber of the primary regu-
lator valve via an o1l path (not shown), so that the reverse
range pressure Py . -may act on the primary regulator valve to
increase the line pressure P, during reversing.

|Operations of the Hydraulic Control Apparatus]

Operations of the hydraulic control apparatus 1 according
to the embodiment of the present invention will be described
below.

Referring to FIG. 4, when, for example, the driver turns ON
the 1gnition, hydraulic control by the hydraulic control appa-
ratus 1 1s started. If, for example, the shift lever 1s selected in
the P range or the N range, the normally open type linear
solenoid valve SLLC2, linear solenoid valve SL.C3, and sole-
noid valve S1 are energized through an electric command of
the control unit (not shown) and the respective input ports and
output ports are shut off. When, for example, the engine 1s
next started, a hydraulic pressure 1s generated through rota-
tion of the o1l pump (not shown) based on rotation of the
engine. The hydraulic pressure 1s regulated, respectively, to
the line pressure P, and the modulator pressure P, .-, by the
primary regulator valve and the solenoid modulator valve and
output as described heretofore. The line pressure P, is then
input to the mput port 81a of the manual shift valve 81 (see
FIG. §) and to the mput port SLC3a of the linear solenoid
valve SLC3 via the o1l path d, while the modulator pressure
P, .- 18 1nput to the input ports Sla, S2a of the solenoid
valves S1, S2, respectively, via the o1l paths g1, g2, g3.
| Operation 1n Shift from N to D Range (Forward First Speed)]

Next, assume, for example, that the driver places the shift
lever 1n the D range position from the N range position. Then,
the forward range pressure P, 1s output from the forward
range pressure output port 816 of the manual shift valve 81
(see FIG. 5) to the o1l paths al, a4, a5. The forward range
pressure P 1s then input to the linear solenoid valve SLC1 via
the o1l path al, to the linear solenoid valve SLLC2 via the o1l
path a4, to the linear solenoid valve SLLB1 via the o1l path a5,
and the first clutch apply relay valve 21 via the o1l paths al, a2.

The check valve 50 and the orifice 60 are disposed on the
o1l path al. The forward range pressure P, causes the check
valve 50 to open, so that supply of the forward range pressure
P, for the linear solenoid valve SLC1 1s at a more rapid pace
as compared with timing during discharge. In addition, the
forward range pressure P, supplied to the o1l path al 1s input
to the o1l chamber 30q of the accumulator 30 via the o1l path
a3. Then, the accumulator 30 stores therein the forward range
pressure P, to be supplied to the linear solenoid valve SLC1
and the linear solenoid valve SLBI.

The first clutch apply relay valve 21 having the iput port
21e to which the forward range pressure P, 1s input from the
o1l path a2 1s in the left-hand-half position because of an
urging force of the spring 21s 1n the beginnings of the D range
selected (beginmings of the shift from N to D) for lack of the
signal pressure P, as a result of the solenoid valve S1 being
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energized, so that the forward range pressure P, 1s output to
the o1l path 1 from the output port 21;. Simailarly, for lack of the
signal pressure P, as a result of the solenoid valve S1 being
energized, the input port 22/ 1s shut ofl in the second clutch
apply relay valve 22 which 1s in the left-hand-half position by
the urging force of the spring 22s.

When, for example, the control unit next determines the
forward first speed, the linear solenoid valve SLC1 1s ener-
gized through the electric control by the control unit. The

forward range pressure P, being mput to the mput port
SL.Cla 1s regulated and controlled, and output from the out-
put port SLC15b such that the control pressure P, -, gradually
increases as the engagement pressure P,. The control pres-
sure P, ~, (engagement pressure P, ) 1s thereby input to the
input port 22¢ of the second clutch apply relay valve 22 via the

o1l path bl.

The second clutch apply relay valve 22 which 1s 1n the
left-hand-half position then outputs the control pressure
P.; ~, input to the input port 22¢ from the output port 22i, and
also from the output port 22d. The control pressure P, -,
output from the output port 22i 1s input to the o1l chamber 225
via the o1l paths b4, b5 to lock the second clutch apply relay
valve 22 1n the left-hand-half position. The control pressure
P, ~ 1s also mput to the o1l chamber 215 of the first clutch
apply relay valve 21 via the o1l path b4, thereby counteracting
the urging force of the spring 21s to press the spools 21p, 21q
downwardly 1n FIG. 4. The first clutch apply relay valve 21 1s
thereby repositioned 1n the right-hand-half position.

The first clutch apply relay valve 21 with the spools 21p,
214 repositioned 1n the right-hand-half position uses the con-
trol pressure P, ~, output from the output port 22i of the
second clutch apply relay valve 22 to counteract the urging
force of the spring 21¢, thereby pressing the spool 21g down-
wardly 1n FIG. 4. The forward range pressure P, input from
the input port 21e 1s, however, output from the output port 21
and mput to the o1l chamber 21¢ via the o1l paths k1, k2, k3
and the input port 21/%. The spool 21g 1s therefore reposi-
tioned upwardly in FIG. 4 by the hydraulic pressure acting on
the o1l chamber 21¢ and the urging force of the spring 21¢;
specifically, the spools 21p, 21g are locked 1n positions
spaced apart from each other. Note that the forward range
pressure P, input from the o1l path k1 to the input port 22e of
the second clutch apply relay valve 22 1s shut off at the input
port 22e.

The control pressure P, ~, input from the linear solenoid
valve SLC1 to the mput port 22¢ of the second clutch apply
relay valve 22 as described above 1s output from the output
port 224 to the hydraulic servo 41 via the o1l path b2 as the
engagement pressure P, so that the clutch C-1 1s engaged.
This achieves the forward first speed, coupled with the lock-
ing of the one-way clutch F-1.

In addition, the check valve 51 and the orifice 61 are dis-
posed on the o1l path b2. When the engagement pressure P,
(control pressure P, ;) 1s to be supplied to the hydraulic
servo 41, the check valve 51 1s closed and the hydraulic
pressure 1s supplied at a mild pace only via the orifice 61.
When the engagement pressure P, 1s to be discharged from
the hydraulic servo 41, the check valve 51 1s opened to let the
engagement pressure P, be discharged at a rapid pace as
compared with the case of the supply. In addition, the engage-
ment pressure P, supplied to the o1l path b2 1s input to the o1l
chamber 31a of the C-1 damper 31 via the o1l path b3 and the
C-1 damper 31 prevents pulsation of the engagement pressure
P, supplied to, and discharged from, the hydraulic servo 41
and absorbs a surge pressure (a sharply fluctuating pressure),
for example.
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| Operation in Engine Braking of the Forward First Speed]

When, for example, the control unmit determines engine
braking of the forward first speed, the solenoid valve S2 1s
energized, the solenoid valve S11s deenergized, and the linear
solenoid valve SLC2 1s controlled for pressure regulation
through the electric command from the control unit. When the
solenoid valve S2 1s energized, the modulator pressure P, .,
input to the input port S2a via the o1l paths g1, g3 1s output
trom the output port S25 as the signal pressure P, and input
to the o1l chamber 24a of the B-2 relay valve 24 via the o1l path
1. Then, the spool 24p is repositioned downwardly in the
figure against the urging force of the spring 24s and the B-2
relay valve 24 1s placed 1n the right-hand-half position.

When the solenoid valve S1 1s deenergized, the modulator
pressure P, ., input to the input port S1a via the o1l paths g1,
g2 1s output from the output port S15 as the signal pressure
P, . The signal pressure P, 1s then mput to the o1l chamber
21a of the first clutch apply relay valve 21 via the o1l paths hl,
h2, to the o1l chamber 22a of the second clutch apply relay
valve 22 via the o1l paths hl, h3, and to the input port 24¢ of
the B-2 relay valve 24 via the o1l path h4; and further to the o1l
chamber 23a of the C-2 relay valve 23 via the o1l path hS from
the output port 245 of the B-2 relay valve 24 placed in the
right-hand-half position.

Then, the C-2 relay valve 23 1s placed 1n the right-hand-half
position as the signal pressure P, input to the o1l chamber 234
causes the spool 23p to counteract the urging force of the
spring 23s and be repositioned downwardly 1n FIG. 4. Note
that the first clutch apply relay valve 21 1s placed in the
right-hand-half position as the signal pressure P, being input
to the o1l chamber 21a causes the spool 214 to be repositioned
downwardly 1n FIG. 4; however, the spool 21p 1s not particu-
larly affected by remaining in the same right-hand-half posi-
tion as 1n the forward first speed. In addition, with the second
clutch apply relay valve 22, though the signal pressure P, 1s
input to the o1l chamber 224, the engagement pressure P -, of
the o1l chamber 2256 and the urging force of the spring 22s
overcome the signal pressure P, to let the spool 22p remain
locked 1n the left-hand-half position.

When the linear solenoid valve SLC2 1s then controlled for
pressure regulation and the control pressure P, . 1s output
from the output port SLC2b, the control pressure P, ., 18
input to the mput port 22/ of the second clutch apply relay
valve 22 locked 1n the left-hand-half position via the o1l path
c1 and output as the engagement pressure P, from the output
port 22g to the o1l path c2.

The engagement pressure P, output to the oil path c2 1s
input to the input port 235 of the C-2 relay valve 23 placed 1n
the right-hand-half position and output from the output port
23d. In addition, the engagement pressure P, 1s input to the
input port 24e of the B-2 relay valve 24 placed 1n the right-
hand-half position via the o1l path m, output from the output
port 24g, and 1nput to the hydraulic servo 45 via the o1l path n,
so that the brake B-2 1s locked. This achieves the engine
braking of the forward first speed, coupled with the engage-
ment of the clutch C-1.

Note that the check valve 52 and the orifice 62 are disposed
on the o1l path ¢2. When the engagement pressure Py, 1s to be
supplied to the hydraulic servo 45 of the brake B-2, the check
valve 52 1s closed and the hydraulic pressure 1s supplied at a
mild pace only via the orifice 62. At the time of discharge to
be described later, the check valve 52 i1s opened to let the
hydraulic pressure in the o1l path ¢2 be discharged at a rapid
pace. In addition, the engagement pressure P, supplied to the
o1l path ¢2 1s mput to the o1l chamber 32a of the C2-B2
damper 32 via the o1l path c4 and the C2-B2 damper 32
prevents pulsation of the engagement pressure P, supplied
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to, and discharged from, the hydraulic servo 45, and absorbs
a surge pressure (a sharply fluctuating pressure), for example.

When, for example, the control unit determines a forward
drive of the forward first speed, specifically, cancellation of
the engine braking, the solenoid valve S2 1s deenergized and
the solenoid valve S1 1s energized, and 1n addition, the linear
solenoid valve SLC2 1s closed by being energized and the
control pressure P, ~, as the engagement pressure Pp, 1S
zeroed and drained. Further, the engagement pressure P, of
the hydraulic servo 45 of the brake B-2 1s discharged from the
drain port EX of the manual shiit valve 81 (see FIG. 5) via the
input port 244, the o1l path 1, and the reverse range pressure
output port 814 of the manual shift valve 81, since the B-2
relay valve 24 1s repositioned in the left-hand-half position as
a result of the deenergization of the solenoid valve S2. This
achieves quick draining that 1s faster than that drained via the
linear solenoid valve SLLC2, so that the brake B-2 1s released
quickly. Note that the hydraulic pressure 1n the o1l path m 1s
discharged from the drain port EX of the C-2 relay valve 23
repositioned 1n the left-hand-half position and the hydraulic
pressure 1n the o1l paths cl, ¢2 1s discharged from the drain
port EX of the linear solenoid valve SLC2.
|Operation 1n the Forward Second Speed]

When, for example, the control unit determines the forward
second speed from the condition of the forward first speed,
the linear solenoid valve SLB1 1s controlled for pressure
regulation through the electric command from the control
unit, while maintaiming the pressure regulation condition for
the linear solenoid valve SLC1 with the solenoid valve S1
energized and the solenoid valve S2 deenergized 1n the same
manner as 1n the forward first speed (excepting during the
engine braking).

Specifically, when the linear solenoid valve SLB1 1s con-
trolled for pressure regulation, the control pressure Po; 5, 18
output as the engagement pressure P,, from the output port
SL.B1b and input to the hydraulic servo 44 via the o1l path 11,
so that the brake B-1 1s locked. This achieves the forward
second speed, coupled with the engagement of the clutch C-1.

In addition, the check valve 54 and the orifice 64 are dis-
posed on the o1l path 1. When the engagement pressure P,
1s to be supplied to the hydraulic servo 44 of the brake B-1, the
check valve 54 1s closed and the hydraulic pressure 1s supplied
at a mild pace only via the orifice 64. When the engagement
pressure P, 1s to be discharged from the hydraulic servo 44,
the check valve 54 1s opened to let the engagement pressure
P, be discharged at a rapid pace as compared with the case of
the supply. In addition, the engagement pressure P, supplied
to the o1l path 11 1s mput to the o1l chamber 34a of the B-1
damper 34 via the o1l path 12 and the B-1 damper 34 prevents
pulsation of the engagement pressure P, supplied to, and
discharged from, the hydraulic servo 44, and absorbs a surge
pressure (a sharply fluctuating pressure), for example.
|Operation 1n the Forward Third Speed]

When, for example, the control unit determines the forward
third speed from the condition of the forward second speed,
the linear solenoid valve SLB1 1s closed by being deenergized
and the linear solenoid valve SLC3 1s controlled for pressure
regulation through the electric command from the control
unit, while maintaining the pressure regulation condition for
the linear solenoid valve SLC1 with the solenoid valve S1
energized and the solenoid valve S2 deenergized 1n the same
mannet.

Specifically, a release control of the brake B-1 is first per-
formed through the control of the linear solenoid valve SLB1
for pressure regulation; specifically, the engagement pressure
P, (control pressure P, »,) of the hydraulic servo 44 of the
brake B-1 1s controlled to be discharged from the drain port
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EX of the linear solenoid valve SLB1 wvia the o1l path 11, so
that the brake B-1 1s released. Further, the other linear sole-
noid valve SLC3 1s controlled for pressure regulation from
the condition of being energized to be closed to make a
control pressure P, -, to be zero. The control pressure P, -4
1s output as the engagement pressure P -5 from the output port
SL.C3b and mput to the hydraulic servo 43 via the o1l path el
so that the clutch C-3 1s engaged. This achieves the forward
third speed, coupled with the engagement of the clutch C-1.

In addition, the check valve 53 and the orifice 63 are dis-
posed on the o1l path el. When the engagement pressure P,
1s to be supplied to the hydraulic servo 43 of the clutch C-3,
the check valve 53 1s closed and the hydraulic pressure 1s
supplied at a mild pace only via the orifice 63. When the
engagement pressure P -, 1s to be discharged from the hydrau-
lic servo 43, the check valve 53 1s opened to let the hydraulic
pressure be discharged at a rapid pace as compared with the
case of the supply. In addition, the engagement pressure P,
supplied to the o1l path €1 1s input to the o1l chamber 33a of the
C-3 damper 33 via the o1l path €2 and the C-3 damper 33
prevents pulsation of the engagement pressure P, supplied
to, and discharged from, the hydraulic servo 43, and absorbs
a surge pressure (a sharply fluctuating pressure), for example.
|Operation 1n the Forward Fourth Speed]

When, for example, the control unit determines the forward
tourth speed from the condition of the forward third speed.,
the linear solenoid valve SLC3 1s closed by being deenergized
and the linear solenoid valve SLC2 1s controlled for pressure
regulation through the electric command from the control
unit, while maintaining the pressure regulation condition for
the linear solenoid valve SLC1 with the solenoid valve S1
energized and the solenoid valve S2 deenergized 1n the same
mannet.

Specifically, a release control of the clutch C-3 1s first
performed through the control of the linear solenoid valve
SLC3 for pressure regulation; specifically, the engagement
pressure P, (control pressure P, ~,) of the hydraulic servo
43 of the clutch C-3 1s controlled to be discharged from the
drain port EX of the linear solenoid valve SLC3 via the o1l
path el, so that the clutch C-3 1s released. Further, the other
linear solenoid valve SLC2 1s controlled for pressure regula-
tion from the condition of being energized to be closed to
make a control pressure P, ~, to be zero. The control pressure
P.; ~ 1s output as the engagement pressure P, from the
output port SLC2b and mput to the mput port 22f of the
second clutch apply relay valve 22 via the o1l path c1.

As described above, the second clutch apply relay valve 22
1s locked 1n the left-hand-half position because the solenoid
valve S1 1s energized, so that the signal pressure P, 1s not
being input to the o1l chamber 22a, and because of the engage-
ment pressure P, mput to the o1l chamber 225. The control
pressure P, ~, input to the mput port 2271 1s therefore output
from the output port 22¢ as the engagement pressure P ~,. The
engagement pressure P ., output from the output port 22g 1s
input to the imput port 235 of the C-2 relay valve 23 via the o1l
path c2.

In addition, because the solenoid valve S2 1s deenergized to
place the B-2 relay valve 24 1n the left-hand-half position and
the o1l chamber 23a and the o1l path h5 are drained, the C-2
relay valve 23 1s placed 1n the left-hand-half position by the
urging force of the spring 23s. The engagement pressure P,
input to the mput port 235 1s therefore output from the output
port 23¢ and also from the output port 23e. The engagement
pressure P, output from the output port 23 ¢ 1s input to the o1l
chamber 214 of the first clutch apply relay valve 21 via the o1l
path ¢5. The engagement pressure P.,, coupled with the
urging force of the spring 21s, places to lock the spool 21p of
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the first clutch apply relay valve 21 1n the left-hand-half
position. At this time, the forward range pressure P, input to
the mput port 22e via the o1l path k1 1s output to the o1l path
1 with the output port 217 being changed from the output port
21, but 1s shut off by the input port 22/ of the second clutch
apply relay valve 22. Additionally, because the forward range
pressure P, supplied to the o1l path k1 1s shut off, the supply
of the forward range pressure P, as a lock pressure relative to
the o1l chamber 21c¢ via the o1l paths k2, k3 1s canceled.

Note that the check valve 35 and the orifice 65 are disposed
on the o1l path ¢5. When the engagement pressure P, 1s to be
supplied to the o1l chamber 21d of the first clutch apply relay
valve 21, the check valve 55 1s closed and the hydraulic
pressure 1s supplied at a mild pace only via the orifice 65.
When the engagement pressure P, 1s to be discharged from
the o1l chamber 21d, the check valve 35 1s opened to let the
hydraulic pressure be discharged at a rapid pace as compared
with the case of supply.

The engagement pressure P, output from the output port
23¢ of the C-2 relay valve 23 1s input to the hydraulic servo 42
via the o1l path ¢3, so that the clutch C-2 1s engaged. This
achieves the forward fourth speed, coupled with the engage-
ment of the clutch C-1.

Further, as described above, the check valve 52 and the
orifice 62 are disposed on the o1l path ¢2. In the same manner
as 1n the engine braking of the forward first speed, when the
engagement pressure P, 1s to be supplied to the hydraulic
servo 42 ofthe clutch C-2, the check valve 52 1s closed and the
hydraulic pressure 1s supplied at a mild pace only via the
orifice 62. At the time of discharge of the engagement pres-
sure P, from the hydraulic servo 42, the check valve 52 1s
opened to let the hydraulic pressure be discharged at a rapid
pace as compared with the case of the supply. In addition, the
engagement pressure P ., supplied to the o1l path c2 1s input to

the o1l chamber 32qa of the C2-B2 damper 32 via the o1l path

c4 and the C2-B2 damper 32 prevents pulsation of the
engagement pressure P, supplied to, and discharged from,
the hydraulic servo 42, and absorbs a surge pressure (a

sharply fluctuating pressure), for example.
|Operation 1n the Forward Fifth Speed]

When, for example, the control unit determines the forward
fifth speed from the condition of the forward fourth speed, the
linear solenoid valve SLC1 1s closed by being deenergized
and the linear solenoid valve SLC3 1s controlled for pressure
regulation through the electric command from the control
unit, while maintaining the pressure regulation condition for
the linear solenoid valve SLC2 with the solenoid valve S1
energized and the solenoid valve S2 deenergized 1n the same
manner.

Specifically, a release control of the clutch C-1 1s first
performed through the control of the linear solenoid valve
SL.C1 for pressure regulation; specifically, the engagement
pressure P, (control pressure P, ;) of the hydraulic servo
41 of the clutch C-1 1s controlled to be discharged from the
drain port EX of the linear solenoid valve SLC1 wvia the o1l
paths b1, b2, so that the clutch C-1 1s released. Further, the
other linear solenoid valve SLLC3 1s controlled for pressure
regulation from the condition of being energized to be closed
to make a control pressure P, -, to be zero i the same
manner as in the forward third speed. The control pressure
P, -, 1s output as the engagement pressure P, from the
output port SLC35b and input to the hydraulic servo 43 via the
o1l path el, so that the clutch C-3 1s engaged. This achieves the
forward fifth speed, coupled with the engagement of the

clutch C-2.
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| Operation in the Forward Sixth Speed]

When, for example, the control unit determines the forward
s1xth speed from the condition of the forward fifth speed, the
linear solenoid valve SLC3 1s closed by being energized and
the linear solenoid valve SLB1 1s controlled for pressure
regulation through the electric command from the control
unit, while maintaining the pressure regulation condition for
the linear solenoid valve SLC2 with the solenoid valve S1
energized and the solenoid valve S2 deenergized 1n the same
mannet.

Specifically, a release control of the clutch C-3 1s first
performed through the control of the linear solenoid valve
SL.C3 for pressure regulation; specifically, the engagement
pressure P, (control pressure P, ;) of the hydraulic servo
43 of the clutch C-3 1s controlled to be discharged from the
drain port EX of the linear solenoid valve SLC3 wvia the o1l
path el, so that the clutch C-3 i1s released. Further, the other
linear solenoid valve SLB1 i1s energized and controlled for
pressure regulation from the condition of being deenergized
to be closed to make a control pressure P, », to be zero 1n the
same manner as 1n the forward second speed. The control
pressure P, », 1s output as the engagement pressure P, from
the output port SLB15 and input to the hydraulic servo 44 via
the o1l path 11, so that the brake B-1 1s engaged. This achieves
the forward sixth speed, coupled with the engagement of the
clutch C-2.
|Operation in Shift from D to N Range]

Assume, for example, that the driver thereafter decelerates
the vehicle and brings the vehicle to a stop at the forward first
speed through downshifting thereto according to the vehicle
speed. When the shift lever 1s then placed in the N range
position from the D range position, the forward range pres-
sure output port 815 of the manual shift valve 81 (see FIG. 5)
1s shut off from the mmput port 81a, while the forward range
pressure output port 815 and the drain port EX are brought
into communication with each other, specifically, the forward
range pressure P, 1s drained.

At the same time, a shift lever sensor (not shown) detects
that the shift lever 1s in the N range position and the control
unit determines the N range based on the shift lever position.
Then, the linear solenoid valve SLLC2 and the linear solenoid
valve SLC3 are first energized and the linear solenoid valve
SLLB1 1s deenergized to drain the control pressures P, -,
P, ~, P<r 5, thereof to zero pressures (the non-output state).
Specifically, the hydraulic pressure of each of the hydraulic
servos 42, 43, 44, 45 1s drained and the clutches C-2, C-3 and
the brakes B-1, B-2 are released. Note that the solenoid valve
S1 1s retamned in the energized condition and the solenoid
valve S2 1s retained 1n the deenergized condition; specifically,
the signal pressures P, P, are not output from the solenoid
valves S1, S2.

The linear solenoid valve SLC1, on the other hand, 1s
controlled for pressure regulation such that the control pres-
sure P, ~, 1s gradually decreased to prevent a release shock
from being produced when, for example, the clutch C-1 1s
released rapidly. The control pressure P, ., 1s thus finally
drained to zero pressures (the non-output state) and the clutch
C-1 1s released at a mild pace. When the clutch C-1 1s also
released, the automatic transmission 3 1s placed 1n the neutral
condition with all clutches and brakes released.

During the release control with the linear solenoid valve
SLC1, the accumulator 30 connected to the mnput port SLCla
of the linear solenoid valve SLC1 wvia, for example, the oil
path a3 releases, for maintaining pressure, a hydraulic pres-
sure accumulated during the D range to the o1l paths al, a3 on
a s1de closer to the linear solenoid valve SLLC1 than the orifice
60. This permits a mild release control of the clutch C-1 using
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the linear solenoid valve SLC1, which prevents a release
shock from being produced during the D-N shiit operation
from the forward first speed condition.
|Operation 1n the Reverse First Speed]

If, for example, the shift lever 1s placed in the R range
position through a shift lever operation performed by the
driver, the reverse range pressure P, ... from the reverse range
pressure output port 81d of the manual shift valve 81 (see
FIG. §) 1s output as described above and the reverse range
pressure P, .- 1s input to the mput port 244 of the B-2 relay
valve 24 via, for example, the o1l path 1.

At the same time, the shift lever sensor (not shown) detects
that the shift lever 1s in the R range position and the control
unit determines the R range as the shift lever position. Then,
the solenoid valve S1 1s retained 1n the energized condition
and the solenoid valve S2 1s retained 1n the deenergized con-
dition; specifically, the signal pressure P, 1s not output, so
that the B-2 relay valve 24 1s maintained in the left-hand-half
position by the urging force of the spring 24s. This causes the
reverse range pressure P ;- input to the input port 24¢ to be
supplied to the hydraulic servo 45 of the brake B-2 via the
output port 24g and the oil path n, so that the brake B-2 is
engaged.

Further, the control unit controls the linear solenoid valve
SL.C3 for pressure regulation so that the linear solenoid valve
SL.C3 gradually outputs the control pressure P, ~,. The con-
trol pressure P, -5 1s then output as the engagement pressure
P, from the output port SLC3b and input to the hydraulic
servo 43 via the o1l path el. Specifically, the clutch C-3 1s
engaged at a mild pace. This achieves the reverse first speed,
coupled with the locking of the brake B-2.

Note that, when the N range (or the P range) 1s changed
from the R range, the same conditions as in the N range are
established. Specifically, the engagement pressure P, of the
hydraulic servo 45 of the brake B-2 1s drained via the o1l path
n, the B-2 relay valve 24, the o1l path 1, and the manual shift
valve 81 (see FIG. 5) and the engagement pressure P, of the
hydraulic servo 43 of the clutch C-3 1s drained from the linear
solenoid valve SLC3.

Additionally, 11 the vehicle speed 1s detected to be a prede-
termined speed or more in the forward direction when, for
example, the driver places the shiit lever in the R range
position, the control unit energizes the solenoid valve S2 and
keeps the linear solenoid valve SLC3 1n the energized condi-
tion; specifically, the B-2 relay valve 24 1s used to achieve a
shutoil so that the reverse range pressure Py -.-1s not supplied
to the hydraulic servo 45 of the brake B-2 and the engagement
pressure P, (control pressure P.; ) 1s not supplied to the
hydraulic servo 43 of the clutch C-3. This works as, what 1s
called, a reverse inhibit function that prevents the reverse first
speed from being achieved.
|Operations During Solenoids-All-Deenergized Failure]

Operations during a solenoids-all-deenergized failure 1n
the hydraulic control apparatus 1 will be described below. IT
all solenoid valves (the linear solenoid valve SLC1, the linear
solenoid valve SLLC2, the linear solenoid valve SLC3, the
linear solenoid valve SLLB1, the solenoid valve S1, and the
solenoid valve S2) run 1into a deenergized failure (hereinafter
referred to as “all-deenergized failure’) due to, for example, a
short-circuit or an open circuit in the battery during ordinary
running with the shiit lever placed in the D range, the linear
solenoid valve SLC1, the linear solenoid valve SLLB1, and the
solenoid valve S2, which are of the normally closed type, do
not output any hydraulic pressure, while the linear solenoid
valve SLLC2, the linear solenoid valve SLLC3, and the solenoid
valve S1, which are of the normally open type, outputs
respective hydraulic pressures.
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During normal running covering from the forward first
speed through the forward third speed, the first clutch apply
relay valve 21 has the spool 21p locked 1n the right-hand-half
position by the forward range pressure P, input to the oil
chamber 21¢ as described above. Accordingly, the forward
range pressure P, output from the output port 21: 1s input to
the input port 22¢ of the second clutch apply relay valve 22 via
the o1l path k1 and shut off by the second clutch apply relay
valve 22 positioned 1n the left-hand-half position.

If the all-deenergized failure occurs under this condition,
the second clutch apply relay valve 22 is repositioned 1n the
right-hand-half position by the signal pressure P, output
from the solenoid valve S1 being input to the o1l chamber 22a
via the o1l paths hl, h3 and the forward range pressure P,
input to the mput port 22e 1s output from the output port 224
and input to the hydraulic servo 41 via the o1l path b2, so that
the clutch C-1 1s engaged. In addition, P, -, (engagement
pressure P,) output from the normally open linear solenoid
valve SLC2 1s shut off by the mput port 22/ of the second
clutch apply relay valve 22 repositioned in the right-hand-half
position. Further, with the normally open linear solenoid
valve SLC3, the line pressure P, input to the input port SLC3a
1s substantially directly output as the engagement pressure
P, from the output port SLC3b and mput to the hydraulic
servo 43 via the o1l path el, so that the clutch C-3 1s engaged.
This engages the clutch C-1 and the clutch C-3 to achieve the
forward third speed (see FIG. 2). Specifically, the running
condition by the forward third speed 1s achieved when the
all-deenergized failure occurs during running from the for-
ward first speed to the forward third speed.

During normal running covering ifrom the forward fourth
speed through the forward sixth speed, the engagement pres-
sure P ., of the clutch C-2 1s input, as described above, to the
o1l chamber 214 of the first clutch apply relay valve 21 via the
o1l path c1, the second clutch apply relay valve 22, the o1l path
c2, the C-2 relay valve 23, and the o1l path ¢S, so that the
spools 21p, 21¢g are locked 1n the left-hand-half position.
Consequently, the forward range pressure P, output from the
output port 21; 1s mput to the mput port 22/ of the second
clutch apply relay valve 22 via the o1l path j and thus shut off
by the second clutch apply relay valve 22 positioned 1n the
left-hand-half position.

If the all-deenergized failure occurs under this condition,
the second clutch apply relay valve 22 1s repositioned 1n the
right-hand-half position by the signal pressure P, output
from the solenoid valve S1 being 1input to the o1l chamber 22a
via the o1l paths hl, h3; and the solenoid valve S2 1s deener-
gized to keep the B-2 relay valve 24 1n the left-hand-half
position, which results in the o1l path h4 being shut off, so that
the signal pressure P, of the solenoid valve S1 1s not output
to the o1l path h5; as a result, the C-2 relay valve 23 1s also kept
in the left-hand-half position. The forward range pressure P,
input to the mput port 22/ of the second clutch apply relay
valve 22 1s therefore output from the output port 22g and input
to the hydraulic servo 42 via the o1l path c2, the C-2 relay
valve 23, and the o1l path ¢3, so that the clutch C-2 1s engaged.
In addition, P, -, (engagement pressure P -, ) output from the
normally open linear solenoid valve SLC2 i1s shut off by the
iput port 22/ of the second clutch apply relay valve 22
repositioned in the right-hand-half position. The forward
range pressure P, output to the o1l path c2 1s, however, output
also to the o1l path ¢5 via the C-2 relay valve 23 and then 1input
to the o1l chamber 214 of the first clutch apply relay valve 21,
so that the first clutch apply relay valve 21 remains locked 1n
the left-hand-half position. Further, with the normally open
linear solenoid valve SLC3, the line pressure P, input to the
iput port SLC3a 1s substantially directly output as the
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engagement pressure P, from the output port SLC3b and
input to the hydraulic servo 43 via the o1l path el, so that the

clutch C-3 1s engaged. This engages the clutch C-2 and the
clutch C-3 to achieve the forward fifth speed (see FIG. 2).
Specifically, the running condition by the forward fifth speed
1s achieved when the all-deenergized failure occurs during
running from the forward fourth speed to the forward sixth
speed.

When the vehicle 1s brought to a stop and the shift lever 1s
temporarily placed 1n the N range position as the all-deener-
g1zed failure occurs during the normal runming covering from
the forward fourth speed through the forward sixth speed, the
manual shift valve 81 (see FIG. 5) suspends the output of, and
drains, the forward range pressure P, and, particularly, drains
the forward range pressure P, relative to the normally open
linear solenoid valve SLC2 and the input port 21¢ of the first
clutch apply relay valve 21. Then, the forward range pressure
P, input to the o1l chamber 214 via the o1l paths 1, ¢2, ¢35 1s
drained to release the lock by the forward range pressure P,
In addition, since the signal pressure P, continuously
remains output from the normally open solenoid valve S1, the
first clutch apply relay valve 21 has the spools 21p, 21qg
repositioned in the right-hand-half position by the signal
pressure P, input to the o1l chamber 21a.

Note that, under the condition of the N range having the
all-deenergized failure, the line pressure P, 1s the source
pressure and the control pressure P, -, (engagement pressure
P.,) substantially equivalent to the line pressure P, 1s output
from the normally open linear solenoid valve SLC3, so that
the clutch C-3 1s 1n the engaged condition. In addition, the
clutches C-1, C-2 and the brakes B-1, B-2 are released,
though the clutch C-3 1s engaged, so that the sun gear S3 and
the carrier CR2 turn 1dly despite the input of reduced speed
rotation of the sun gear S2. Therefore, the input shaft 10 and
the counter gear 11 are substantially 1n the neutral condition
(see FIG. 1).

If, for example, the driver places the shift lever 1in the D
range position again, the forward range pressure P,, 1s output
from the manual shift valve 81 (see FIG. §). The forward
range pressure P, 1s then input to the input port 21e of the first
clutch apply relay valve 21 repositioned in the right-hand-half
position. The forward range pressure P, 1s also output from
the output port 21: to the o1l path k1 and input to the hydraulic
servo 41 of the clutch C-1 via the input port 22¢ and the output
port 224 of the second clutch apply relay valve 22 placed in
the right-hand-half position and the o1l path b2, and the clutch
C-11s engaged; specifically, the same condition 1s established
as 1n the all-deenergized failure during the running from the
torward first speed to the forward third speed and the forward
third speed 1s achieved. Consequently, the vehicle can be
restarted even after the temporary stop following the all-
deenergized failure, thus achieving the limp-home function
that permits, for example, moving to a safe place or a service
garage.

DESCRIPTION OF THE

PRESENT INVENTION

A principal portion of the present mmvention will be
described below with reference to FIG. 5.

In the hydraulic control apparatus 1 according to the
embodiment of the present invention, the linear solenoid
valve SLC1 has the mput port SLCla connected to the for-
ward range pressure output port 815 of the manual shift valve
81 via the o1l paths al, a10, all (a first o1l path). The linear
solenoid valve SLLB1 has the mput port SLB1 a connected to
the forward range pressure output port 815 of the manual shift
valve 81 via the o1l path a5, o1l paths a6, a7, a8, a9, and the o1l
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paths al0, all (a second oil path). Accordingly, in the
embodiment of the present invention, the oil path for supply-
ing and discharging the forward range pressure to/from the
linear solenoid valve SLC1 and the linear solenoid valve
SLLB1 1s shared across a portion between the forward range
pressure output port 815 and a branch point C. At this time,
the o1l paths al0, all shared therebetween are a shared o1l
path. Further, the o1l path al between the branch point C and
the mput port SLC1a of the linear solenoid valve SLC1 15 a
first non-shared o1l path and the o1l paths a5, a6, a7, a8, a9
between the branch point C and the input port SLB1a of the
linear solenoid valve SLB1 are a second non-shared o1l path.
In addition, the o1l paths a6, a7, a8, a9 between the branch
point C and a point A of the second non-shared o1l path are the
discharge delay zone 90.

The discharge delay zone 90 1s structured to include the o1l
path a6, the o1l path a7, the oil path 8, and the o1l path a9.
Specifically, the o1l path a6 i1s connected at the point A to the
o1l path a5. The o1l path a7, on which the orifice 71 1s dis-
posed, 1s connected to the o1l path a6. The o1l path a9 1s
connected to the o1l path a7 and to the branch point C. The o1l
path a8 1s disposed to extend 1n parallel with the o1l path a7
and connected to the o1l paths a6, a9. Further, the check ball
72 1s disposed on the o1l path a8. Note that the o1l path a9 may
be connected to the o1l paths al and al1 at any point other than
the branch point C, as long as the point 1s between the linear
solenoid valve SLC1 and the orifice 60.

In accordance with the foregoing arrangements, 1f, for
example, the shift lever 1s placed 1n the D range position from
the N range position, the forward range pressure P, 1s output
from the forward range pressure output port 815 of the
manual shift valve 81 to the o1l path al0. The forward range
pressure P 1s then input to the linear solenoid valve SLC1 via
the o1l paths al0, all, al and to the linear solenoid valve
SLB1 via the o1l paths al0, all, a9, a7, a8, a6, a5, respec-
tively. In addition, the check ball 72 1s disposed on the o1l path
a8 and the orifice 71 1s disposed on the o1l path a7, respec-
tively. Accordingly, the check ball 72 1s opened by the for-
ward range pressure P, so that the supply of the forward
range pressure P, to the linear solenoid valve SLB1 1s at a
rapid pace as compared with the case of the discharge. Note
that, as described above, the forward range pressure P, sup-
plied to the o1l paths al0, all is input to the o1l chamber 30a
of the accumulator 30 via the o1l path a3. Then, the accumu-
lator 30 stores therein the forward range pressure P, to be
supplied to the linear solenoid valve SLC1 and the linear
solenoid valve SLBI1.

After the vehicle has run, the vehicle may, for example, be
decelerated and brought to a stop or made to be about to stop
through downshifting to the forward second speed according,
to the vehicle speed. When the shift lever 1s then placed 1n the
N range position from the D range position, the forward range
pressure output port 816 of the manual shiit valve 81 1s shut
off from the input port 81a, while the forward range pressure
output port 815 and the drain port EX are brought into com-
munication with each other, specifically, the forward range
pressure P, 1s drained.

At the same time, the shift lever sensor (not shown) detects
that the shift lever 1s in the N range position and the control
unit determines the N range based on the shift lever position.
Then, the linear solenoid valve SLC2 and the linear solenoid
valve SLC3 are first energized and the control pressures
P ~, Por ~ thereol are drained to zero pressures (the non-
output state). Specifically, the hydraulic pressure of each of
the hydraulic servos 42, 43, 45 1s drained and the clutches
C-2, C-3 and the brake B-2 are completely released.
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The linear solenoid valve SLC1 and the linear solenoid
valve SLB1, on the other hand, are controlled for pressure
regulation such that the control pressure P, ~, and the control
pressure P, -, are gradually decreased. The control pressure
P, ~, and the control pressure P, », are thus finally drained
to zero pressures (the non-output state) and the clutch C-1 and
the brake B-1 are released at a mild pace.

During the release control with the linear solenoid valve
SI.C1 and the linear solenoid valve SLLB1, the accumulator 30
connected to the input port SLC1a of the linear solenoid valve
SLC1 and the mput port SLB1a of the linear solenoid valve
SLB1 via, for example, the o1l path a3 releases, for maintain-
ing pressure, the hydraulic pressure accumulated during the D
range to the o1l paths a3, al, a9, a7, a8, a6, a5 on the side closer
to the linear solenoid valve SLC1 than the orifice 60. This
permits a mild release control of the clutch C-1 and the brake
B-1 using the linear solenoid valve SLC1 and the linear
solenoid valve SLB1, which prevents a release shock from
being produced during the D-N shift operation from the for-
ward second speed condition.

In a known arrangement, for example, having no discharge
delay zone 90, specifically, in an o1l path configuration
directly connecting the point A on the o1l path a$ with a point
B on the o1l path al, the forward range pressure P, supplied to
the linear solenoid valve SLB1 i1s rapidly draimned when the
shift lever 1s placed in the D range position from the N range
position. This invites engagement of the one-way clutch F-1
due to the clutch C-1 left engaged, producing a shift shock by
way of the forward first speed.

In this hydraulic control apparatus 1, however, through the
simple mechanical arrangement of the orifice 71 interposed in
the o1l path a7 and the check ball 72 interposed 1n the o1l path
a8, the forward range pressure P,, to be discharged 1s dis-
charged by way of the orifice 71 of the o1l path a7 because of
the check ball 72 disposed on the o1l path a8 being closed by
the hydraulic pressure. This allows discharge of the forward
range pressure P, 1n the o1l paths a3, a6, a7, a8, a9 supplying
and discharging the hydraulic pressure of the hydraulic servo
44 of the brake B-1 through the linear solenoid valve SLB1 to
be delayed relative to discharge of the forward range pressure
P, 1n the o1l path al supplying and discharging the hydraulic
pressure ol the hydraulic servo 41 of the clutch C-1 through
the linear solenoid valve SLC1.

Consequently, 1n, for example, the forward second speed,
release of the brake B-1 can be delayed relative to release of
the clutch C-1 when the manual shiit valve 81 1s placed 1n the
N range from the D range based on the shift lever operation.
This eliminates the engagement of the one-way clutch F-1
due to the clutch C-1 left engaged when, for example, the
brake B-1 1s released betfore the clutch C-1. This allows the N
range to be directly changed from the forward second speed
without going through the forward first speed from the for-
ward second speed. This prevents a shift shock from being
produced when the N range 1s changed from the D range,
contributing to a better shift feeling.

Further, the accumulator 30 1s connected to the o1l paths
al0, al1 (the shared o1l path) at a point closer to the side of the
linear solenoid valve SLC1 than the orifice 60. This not only,
upon change of the N range from the D range, prevents a
sudden release shock of the clutch C-1 from occurring as a
result of a sudden discharge of, for example, the forward
range pressure P, using the hydraulic pressure accumulated
in the accumulator 30, but also delays the release of the clutch
C-1 than the release of the brake B-1.

The foregoing has been described for the case 1n which the
N range 1s changed from the D range. Nonetheless, the for-
ward range pressure P, 1s drained likewise even 1n a case in
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which the R range or the P range 1s changed from the D range.
Understandably, the present invention that delays the release
of the brake B-1 1s also effective even 1n the case of changing
from the D range to the R range to establish the reverse first
speed, since the reverse first speed 1s established after being
temporarily 1n the neutral condition.

The embodiment of the present invention described here-
tofore has been described as an exemplary case in which the
hydraulic control apparatus 1 of the automatic transmission 1s
applied to the automatic transmission 3 capable of achieving
the forward six speeds and the reverse one speed. The auto-
matic transmission 3 1s not the only one to which the embodi-
ment of the present invention can be applied; rather, the
automatic transmission may be of any type as long as the type
achieves a shift speed higher than that achieved by the
engagement of the clutch C-1 and the one-way clutch by the
engagement of the clutch C-1 and another friction engage-
ment element (a clutch or a brake). The present invention 1s
useiul even 1n a case, 1n which, for example, the forward first
speed and the forward second speed are both achieved by the
engagement of the clutch C-1 and the one-way clutch (e.g.
F-1 or F-2) and the forward third speed 1s achieved by the
engagement of the clutch C-1 and another friction engage-
ment element (e.g. C-3), and the shift 1s made from D to N
range 1n the condition of the forward third speed.

The embodiment of the present invention described here-
tofore has been described as having the orifice 71 and the
check ball 72 as the delay mechamism. Discharge of the
hydraulic pressure may nonetheless be delayed only through
an electric control using, for example, a linear solenoid valve.
In this case, a control mechanism 1ssuing an electric control
command corresponds to the delay mechanism on the
assumption that a period of time 1s allowed during which at
least the source pressure of the linear solenoid valve to be
delayed 1s delayed.

The embodiment of the present invention described here-
tofore has been described for the case in which the N range 1s
changed from the forward second speed 1n which the clutch
C-1 and the brake B-1 are engaged. For example, assume a
condition 1n which the N range 1s changed from the forward
third speed in which the clutch C-1 and the clutch C-3 are
engaged. Since the source pressure of the linear solenoid
valve SL.C3 that controls the clutch C-3 1s the line pressure P,
in particular, the above-referenced condition can be achieved
by using, as the delay mechanism, an electric control mecha-
nism that controls pressure reduction of the control pressure
P, -, of the linear solenoid valve SLC3 1s delayed relative to
pressure reduction of the control pressure P, -, of the linear
solenoid valve SLCI.

The embodiment of the present invention described here-
tofore has been described so that the discharge delay zone 90
1s disposed across the branch point C and the point A. The
discharge delay zone 90 may nonetheless even be disposed.,
for example, across the point A and the mput port SLBla of
the linear solenoid valve SLBI1. Specifically, the present
invention can be applied as long as the discharge delay zone
1s disposed on the second non-shared o1l path.

The hydraulic control apparatus for the automatic trans-
mission according to the some aspects of the present mven-
tion 1s applicable to automatic transmissions mounted in
vehicles, such as passenger cars, trucks, buses, and agricul-
tural machinery and particularly suitable for use 1n an auto-
matic transmission having a low speed achieved by engage-
ment of a friction engagement element and a one-way clutch.
For example, the hydraulic control apparatus is suitable, for
example, for one that 1s required to prevent shock as a result
of engagement of the one-way clutch from occurring.

5

10

15

20

25

30

35

40

45

50

55

60

65

26

What 1s claimed 1s:

1. A hydraulic control apparatus for an automatic transmis-
sion achieving a lower medium speed by engaging a first
friction engagement element and a second iriction engage-
ment element and a low speed lower than the lower medium
speed by engaging the first friction engagement element and
a one-way clutch, the hydraulic control apparatus for the
automatic transmission, comprising:

a range pressure generating unit outputting a forward range
pressure upon a forward range based on a shiit lever
operation and discharging the forward range pressure
upon another shift range;

a first pressure regulating unit outputting the forward range
pressure through pressure regulation to a hydraulic servo
of the first friction engagement element;

a second pressure regulating unit outputting the forward
range pressure through pressure regulation to a hydrau-
lic servo of the second friction engagement element;

a first o1l path providing communication of the forward
range pressure of the range pressure generating unit with
the first pressure regulating unit;

a second o1l path providing communication of the forward
range pressure of the range pressure generating unit with
the second pressure regulating unit; and

a delay mechanism delaying discharge of the second o1l
path than discharge of the first o1l path when the another
shift range 1s changed from the forward range based on
the shift lever operation and the range pressure generat-
ing unit discharges the forward range pressure.

2. The hydraulic control apparatus for an automatic trans-

mission according to claim 1, wherein

the delay mechanism 1s disposed on the second o1l path.

3. The hydraulic control apparatus for an automatic trans-
mission according to claim 2, wherein:

the delay mechanism comprises:

a first orifice; and

a one-way valve disposed in parallel with the first orifice.

4. The hydraulic control apparatus for an automatic trans-
mission according to claim 2, wherein

the first o1l path comprises:

a shared o1l path connected to the range pressure gener-
ating umit and sharing supply and discharge of a
hydraulic pressure with the second o1l path; and

a first non-shared o1l path branched from the shared o1l
path and connected to the first pressure regulating
unit;

the second o1l path comprises:
the shared o1l path; and
a second non-shared o1l path branched from the shared

o1l path and connected to the second pressure regulat-
ing unit, wherein

the delay mechamism 1s interposed in the second non-
shared o1l path.

5. The hydraulic control apparatus for an automatic trans-

mission according to claim 4, further comprising:

a second orifice mterposed 1n the shared o1l path; and

an accumulator disposed on a side closer to the first pres-
sure regulating unit than the second orifice and con-
nected to the shared o1l path.

6. The hydraulic control apparatus for an automatic trans-

mission according to claim 1, wherein:

the delay mechanism comprises:

a first orifice; and

a one-way valve disposed in parallel with the first orifice.

7. The hydraulic control apparatus for an automatic trans-
mission according to claim 6, wherein

the first o1l path comprises:
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a shared o1l path connected to the range pressure gener-
ating unit and sharing supply and discharge of a
hydraulic pressure with the second o1l path; and

a first non-shared o1l path branched from the shared o1l
path and connected to the first pressure regulating
unit;

the second o1l path comprises:
the shared o1l path; and

a second non-shared o1l path branched from the shared

o1l path and connected to the second pressure regulat-
ing unit, wherein

5
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the delay mechanism 1s interposed in the second non-
shared o1l path.

8. The hydraulic control apparatus for an automatic trans-

mission according to claim 7, further comprising:

a second orifice interposed 1n the shared o1l path; and

an accumulator disposed on a side closer to the first pres-
sure regulating unit than the second orifice and con-
nected to the shared o1l path.



	Front Page
	Drawings
	Specification
	Claims

